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(57) A solid-state image-sensor comprises a sen- 
sor a charge transfer part, a plurality of 
charge/voltage converters, a comparator and a 
detector. The sensor has a plurality of arrayed 
light-receiving portions, with each light-receiv- 
ing portion converting incident light into a sig- 
nal charge corresponding to the amount of 
incident light and accumulating the signal 
charges. The charge transfer part distributes 
between at least two systems the signal charge 
stored at one light-receiving portion part of the 
sensor and transferring the signal charge using 
different numbers of stages. The plurality of 
charge/voltage converters detect and ..convert 
into voltages the signal charges of the at least 
two systems transferred by the charge transfer 
part The comparator carries out a level conver- 
sion on each of the outputs of the plurality of 
charge/voltage converters and the detector de- 
tects the level transition point of the comparator 
output signal and generates a binary signal. 
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The present invention relates to a solid-state im- 
age sensing apparatus, and can be applied particu- 
larly to a solid-state image-sensing device equipped 
with a binary circuit for outputting an image-sense 
signal as a binary signal, and a barcode reading de- 
vice using this solid-state image-sensing apparatus 
to read-out, convert to binary signals and output bar- 
codes. 

Barcodes are information concerning merchand- 
ise codes etc. which are displayed usually as combin- 
ations of lines of differing sizes on a medium etc. 
These are then read-out at a XXX or POS (point of 
sale) etc. and used in the analysis of, for example, the 
total sales and circulation of merchandise. 

CCD image sensors are mainly used as the read- 
out means for optically reading-out these barcodes. 
With barcode reading devices using these CCD im- 
age sensors, the output of the CCD image sensor is 
sent to a binary circuit, the combination of lines of dif- 
ferent sizes are taken out as binary information and 
this binary information is then detected. A method for 
obtaining the binary information where the level (vol- 
tage) of an image-sense signal is compared with a 
threshold voltage at a comparator is usually adopted 
in the case of this binary processing. 

However, while the image-sense signal from the 
CCD image sensor is being binarized, it is difficult to 
carry out binary processing for a fixed threshold vol- 
tage because the barcode print surface reflections 
are not uniform due to the influence of depressions or 
rises in the surface on which the barcode is printed 
and the influence of light coming from outside. 

Because of this, with the previously proposed 
barcode reading apparatus, a circuit built outside of 
the CCD image sensor chip is used to invert the com- 
parator in the case of a signal level change just before 
the image-sense signal goes above a fixed absolute 
value. 

The following is a description based on FIG. 19 of 
a previously proposed barcode reading device. 

First, a CCD image sensor 100 comprises a sen- 
sor row 102 having a plurality of light-receiving por- 
tions 101, for converting incident light into signal 
charges corresponding to the amount of incident light 
and accumulating the charges, arrayed in a row, and 
a charge transfer register 1 04 comprised of CCDs for 
transferring signal charges read-out from each of the 
light-receiving portions 101 of the sensor row 102 by 
a read-out gate 103 in one direction. 

A charge/voltage converter 105 made, for exam- 
ple, by floating diffusion region, for detecting the 
transferred signal charge and converting this signal 
charge to a voltage is provided at the final stage of the 
charge transfer register 104. 

A buffer circuit 106 comprising, for example, a 
source follower circuit for performing current amplifi- 
cation on the output of the charge/voltage converter 
1 05 is provided at the post stage of the charge/voltage 



converter 105. This buffer 106 is formed on the same 
substrate (chip) as the sensor row 102, the read-out 
gate 103 and the charge transfer register 104. 

Then, a CCD output (image-sense signal) is de- 
5 rived from the output of the buffer 1 06 and sent to out- 
side via an external terminal 107 to then be sent to a 
binary circuit 109 after being level-amplified by an 
amplifier 108. A floating binary circuit etc. employing 
diodes is used as the binary circuit 109. 
10 This floating binary circuit comprises a compara- 

tor 110 and diodes 111 and 112 connected in reverse 
polarity across the input terminals of the comparator 
110. This structure is such that the comparator 110 is 
inverted in the case of a signal level change just be- 
ts fore the image-sense signal exceeds a fixed absolute 
value. 

The input/output characteristics of the binary cir- 
cuit 109 posses a hysterisis characteristic whereby, 
as shown in FIG. 20, in the case when the input vol- 

20 tage Vin is, for example, 0V and the output voltage 
Vout is, for example, 5V Le. the power supply voltage, 
the output voltage Vout is inverted to 0V when the in- 
put voltage Vin rises from about 0V to 0.7V i.e. the lev- 
el of the diode voltage drop. Alternatively, when the 

25 input voltage Vin is, for example, 5V and the output 
voltage Vout is 0V, the output voltage Vout is inverted 
to 5V when the input voltage Vin falls by about 0.7V. 

It therefore follows that the output of the binary 
circuit 1 09 is inverted when the current signal level of 

30 the image-sense signal changes by +/- 0.7V or more 
with respect to the signal level of the previous image- 
sense signal and this inverted signal can then be tak- 
en out as binary information. 

A characteristic of this floating binary circuit is 

35 that it is possible to carry out binarization using the 
relative degrees of light and shade of a barcode by 
capturing changes in a signal as binary. 

However, when applications are made in barcode 
reading devices, in previously proposed solid-state 

40 image-sense devices including the binary circuit, it is 
necessary to use an amplifier providing a high degree 
of amplification as the amplifier 108 for noise coun- 
termeasures and a binary circuit 109 employing di- 
odes 111 and 112, which makes the circuit structure 

45 complicated and makes manufacture on the same 
chip as the image sensor 100 i.e. an on-chip struc- 
ture, difficult to achieve. 

Even if the circuit etc. can be made on-chip, giv- 
ing consideration to the progress in the current situa- 

so tion of low voltage power supply operating voltages 
for the CCD image sensor 1 00, for example, 3V, nor- 
mal junction-type diodes have a dead-zone in their 
hysterisis characteristics corresponding to a drop in 
the voltage level of about 0.7V. A voltage which is two 

55 to three volts larger than 0.7V or greater is therefore 
necessary for signal amplification within the sensor 
and handling this kind of large signal amplification 
with a 3V power supply CCD image sensor is ex- 
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panying drawings in which: 

FIG. 1 is a structural view showing a first embodi- 
ment of the present invention; 
FIG. 2 is a plane pattern view showing the struc- 
ture in the region of the branch part of the charge 
transfer register; 

FIG. 3 is a cross-sectional view taken along the 
line X1 - X2 of FIG. 2; 

FIG. 4 is a potential view showing the distribution 
of potential at the plane X1 - X2; 
FIG. 5 is a signal waveform diagram for describ- 
ing the operation of a first embodiment of the 
present invention; 

FIG. 6 is a structural view showing a first modi- 
fication of the first embodiment; 
FIG. 7 is a structural view showing a second mod- 
ification of the first embodiment; 
FIG. 8 is a circuit diagram showing a first example 
of a comparator; 

FIG. 9 is a circuit diagram showing a second ex- 
ample of a comparator; 

FIG. 10 is a circuit diagram showing a third exam- 
ple of a comparator; 

FIG. 11 is a circuit diagram showing a fourth ex- 
ample of a comparator; 

FIG. 1 2 is a structural view showing a second em- 
bodiment of the present invention; 
FIG. 13 is a view showing the potential of a 
charge/voltage detector of the second embodi- 
ment; 

FIG. 14 is a signal waveform diagram for describ- 
ing the operation of the second embodiment; 
FIG. 15 is a structural view showing a third em- 
bodiment of the present invention; 
FIG. 16 is a circuit diagram showing an example 
of a buffer circuit structure; 
FIG. 1 7 is a characteristic diagram showing buf- 
fer input/output characteristics; 
FIG. 18 is a signal waveform diagram for describ- 
ing the operation of a third embodiment of the 
present invention; 

FIG. 19 is a structural view showing an example 
of a previously proposed bar code reading de- 
vice; 

FIG. 20 is a characteristic diagram showing hys- 
terisis characteristics of a previously proposed bi- 
nary circuit; and 

FIG. 21 is a structural view showing an example 
of a solid-state image-sensing device embodying 
the present invention applied to barcode reading 
device. 

FIG. 1 is a structural view of the first embodiment 
of the present invention with, for example, a linear 
sensor being used as an image sensor. 

The CCD image sensor 1 of the first embodiment 
is constructed from a linear sensor (line sensor) com- 
prising a sensor row 3 of a multiplicity of light- 
receiving portions (pixels) 2 arrayed in a single row for 



converting incident light into an amount of charge cor- 
responding to the amount of light and accumulating 
this charge, a read-out gate 4 for reading out signal 
charges accumulated at each of the light-receiving 

5 portions 2 of the sensor row 3 by applying a read-out 
pulse ROG, and a charge transfer register 5 compris- 
ing CCD's for transferring signal charges read-out 
from the sensor row 3 by the read-out gate 4 in one 
direction. In this example, this is the right-hand side 

10 direction in the diagram. 

The charge transfer register 5 is comprised of a 
common transfer part 6 for transferring signal charg- 
es outputted from the sensor row 3 as pixel units with- 
out modification and two output side transfer parts 7 

15 and 8 provided on the output side of the charge trans- 
fer register 5 which divide into two and transfer signal 
charges of the same pixels. The construction is two- 
phase driven by, for example, two-phase transfer 
clocks clock <|>H1 and 4>H2. 

20 The specific structure of the distributed portion 

of the charge transfer register 5 is shown in FIG. 2. As 
shown in FIG. 2, at the charge transfer register 5, a 
two-layer polysilicon (1Poly Si, 2Po!ySi) accumulat- 
ing gate electrode 9 and transfer gate electrode 10 

25 comprising an electrode pair are repeatedly arrayed, 
and transfer clocks f H1 and fH2 are applied to these 
electrodes. 

At the common transfer part 6, the single channel 
11 forks within the region of the accumulating gate 

30 electrode 9 occurring on the output side of the output 
of the charge transfer register 5. i.e. the division part 
A into which the channel 11 divides is positioned with 
the region of the accumulating gate electrode 9. 
FIG. 3 is a cross-sectional view taken along line 

35 X1-X2 of FIG. 2 and FIG. 4 shows the potential at this 
cross-section. 

In this embodiment, the division part A which div- 
ides the channel 11 is set up so as to be positioned 
centrally with respect to the width of the channel 11. 

40 In this way, in the signal charge transfer process 

using pixel units, as shown in FIG. 4, if the same pixel 
signal charge is transferred within the region of the 
accumulating gate electrode 9 at which the division 
part A exists, this same pixel signal charge is divided 

45 approximately equally by the existence of the division 
part A and is provided to the transfer parts 7 and 8 on 
each output side. 

Again in FIG. 1 , the two output side transfer parts 
7 and 8 are constructed with differing numbers of 

so transfer stages and the same pixel signal load can be 
transferred in synchronization by applying the trans- 
fer clocks <|)H1 and <|>H2. 

In the case in this embodiment, the number of 
stages of the output side transfer part 8 is set up to 

55 be, for example, two stages (two bits) larger than that 
of the output side transfer part 7. In this way, the same 
pixel signal loads transferred by the output side trans- 
fer parts 7 and 8 have a time difference correspond- 
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tremely difficult. 

According to one aspect of the present invention, 
a solid-state image-sensor comprises IfafsVnsor. a 
charge transfer part, a plurality of charge/voltage con- 
verters, a comparator and a detector. The sensor 
comprises a plurality of arrayed light-receiving por- 
tions, with each light-receiving portion converting in- 
cident light into a signal charge corresponding to the 
amount of incident light and accumulating the signal 
charges. The charge transfer part is for distributing 
between at least two systems the signal charge stor- 
ed atone light-receiving portion part of the sensor and 
transferring the signal charge using different num- 
bers of stages. The plurality of charge/voltage con- 
verters are for detecting and converting into voltages 
the signal charges of the at least two systems trans- 
ferred by the charge transfer part. The comparator is 
for carrying out a level conversion on each of the out- 
puts of the plurality of charge/voltage converters and 
the detector is for detectingfthe^i^el transition point 
of the comparator output signal and generating a bi- 
nary signal. 

The charge transfer part preferably has a com- 
mon transfer part for transferring signal charge read- 
out from the sensor, as is, in units for each light- 
receiving portion and first and second transfer parts 
for distributing between at least two systems and 
transferring the signal charge of one receiver trans- 
ferred by the common transfer part. 

The.comparator preferably has a hysterisis char- 
acteristic and, the plurality of charge/voltage conver- 
ters are preferably^set up in such a manner that at 
least one reset potential djffers from the remaining re- 
set potentials. Each reset potential of the plurality of 
charge/voltage converters may be independently ad- 
justable. 

The solid-state image-sensing device may also 
be further equipped with a plurality of buffers each 
having differing input/output characteristics for pro- 
viding each of the output voltages of the plurality of 
charge/voltage converters to the comparator. Each of 
the plurality of buffers maybe constructed using a 
source-follower circuit construction with the buffer 
voltages being set-up at mutually differing values. 

According to a further aspect of the present in- 
vention, a barcode reading device comprises a light 
source and an image sensor comprising a sensor, a 
charge transfer part, a plurality of charge/voltage con- 
verters, a ^comparator and a detector. The sensor 
comprises a plurality of arrayed light-receiving por- 
tions, with each receiver converting light, reflected 
when light is shone from the light source onto a bar- 
code attached to a medium, into a signal charge cor- 
responding to the amount of reflected light and accu- 
mulating the signal charges. The charge transfer part 
is for distributing the signal charge stored at one re- 
ceiver part of the sensor between at least two sys- 
tems and transferring the signal charge using differ- 



ent numbers of stages. The plurality of charge/voltage 
converters are for detecting and converting into vol- 
tages the signal charges of the at least two systems 
transferred by the charge transfer part. The compar- 

5 ator is for carrying out a level conversion on each of 
the outputs of the plurality of charge/voltage conver- 
ters and the detector is for detecting the level transi- 
tion point of the comparator output signal and gener- 
ating a binary signal. 

10 The charge transfer part preferably has a com- 

mon transfer part for transferring signal charge read- 
out from the sensor, as is, in units for each light- 
receiving portion and first and second transfer parts 
for distributing between at least two systems and 

is transferring the signal charge of one receiver trans- 
ferred by the common transfer part. 

The comparator preferably has a hysterisis char- 
acteristic and the plurality of charge/voltage conver- 
ters are preferably set up in such a manner that at 

20 least one reset potential differs from the remaining 
reset potentials. Each reset potential of the plurality 
of charge/voltage converters may be independently 
adjustable. 

The bar-code reading device may also be further 

25 equipped with a plurality of buffers each having dif- 
fering input/output characteristics for providing each 
of the output voltages of the plurality of 
charge/voltage converters to the comparator. Each of 
the plurality of buffers maybe constructed using a 

30 source-follower circuit construction with the buffer 
voltages being set-up at mutually differing values. 

In solid-state image-sensing apparatus embody- 
ing the invention, signal charge read-out from the 
sensor part by the same light-receiving portion is 

35 transferred in the charge transfer part as signal 
charge for at least two systems, with there being a dif- 
fering number of transfer stages in each of the two 
systems. There is therefore a time difference be- 
tween the signal voltages for the at least two systems 

40 outputted from the charge/voltage converters corre- 
sponding to the difference in the number of transfer 
stages. 

The signal voltages of the at least two systems 
possessing a time difference are inputted to a com- 

45 parator and when the level change between the two 
signal voltages is greater than a fixed level, the com- 
parator output is changed. A binary signal is then gen- 
erated by a detector detecting the level transition 
point of this comparator output 

so Embodiments of the present invention provide a 

solid-state image-sensing device and a bar-code 
reading device employing this solid-state image- 
sensing device capable of taking binary information 
without putting a complicated circuit on-chip whilst 

55 being compatible with low-voltage operating power 
supply voltages. 

Embodiments of the invention will now be descri- 
bed, by way of example, with reference to the accom- 
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tage VJ of the comparator 18 goes low and the J ter- 
minal input goes high. 

The binary voltage Vout outputted from the JK 
flip-flop 20 is a binarized version of the first image- 
sense signal V1, as becomes apparent when the wa- 5 
veshapes V1 and Vout are compared. Black and white 
corresponding to information taken from the sensor 
row 3 of the CCD image sensor 1 can therefore be dis- 
cerned to a high degree of accuracy based on this bi- 
nary voltage Vout 10 

An inverted binary voltage Voutw can then be ob- 
tained using the Q output of the JK flip-flop 20. 

As described above, according to the structure of 
the first embodiment, the transfer parts 7 and 8 can 
be made in places which are somewhat separated on 15 
the pattern layout because the charge transfer regis- 
ter 5 branches into two on the output side so as to split 
the pixel signal charge into two, with the number of 
transfer stages at the transfer parts 7 and 8 at the 
head of each branch being made to be different. Cir- 20 
cuit types such as the buffers 14 and 15 etc. can 
therefore easily positioned crosswise with respect to 
the charge/voltage converters 12 and 13 so as to 
make an on-chip construction on the same substrate 
as the CCD image sensor 1 a possibility. 25 

FIG. 6 is a structural view showing a first modi- 
fication of the aforementioned first embodiment, with 
portions which are the same as portions in FIG. 1 be- 
ing given the same numerals. 

IntheCCD image sensor of the first modification, 30 
charge transfer registers 5a and 5b are positioned on 
both sides of the sensor row 3. Signal charges accu- 
mulated at the light-receiving portions 2 for each one 
pixel of the sensor row 3 are read-out to the charge 
transfer registers 5a and 5b via read-out gates 4a and 35 
4b. 

The charge transfer registers 5a and 5b come to- 
gether on the output side into a single common trans- 
fer part 6a. 

In this way, signal charges read from the sensor 40 
row 3 via the read-out gates 4a and 4b and transfer- 
red as pixel units by the charge transfer registers 5a 
and 5b are transferred in a sequence corresponding 
to the arraying of the light-receiving portions 2 of the 
sensor row 3 at the common transfer part 6a. 45 

The output side of the common transfer part 6a 
branches into two transfer parts 7 and 8 positioned on 
the output side in the same way as the first embodi- 
ment with these branched portions being structured 
in the same way as those in the first embodiment (re- 50 
fer to FIG. 2). The output side transfer parts 7 and 8 
are structured so as to have a different number of 
transfer stages with the signal charge of the same pix- 
el distributed between the two systems being trans- 
ferred in synchronization. 55 

In this modification, the number of transfer sta- 
ges in the output side transfer part 8 is set up to be, 
for example, two stages (two bits) more than that of 

6 



the output side transfer part 7. 

In this way, the signal charges for the same pixel 
transferred by the output side transfer parts 7 and 8 
posses a time difference corresponding to two bits at 
the final stage. 

Charge/voltage converters 12 and 13 for detect- 
ing and converting into voltages the transferred sig- 
nal charges are provided at the final stages of each 
of the output side transfer parts 7 and 8 and are con- 
structed by, for example, floating diffusion region. 

In this first modification it is also possible to make 
the transfer parts 7 and 8 in places on the pattern lay- 
out which are somewhat separated and therefore 
easily position circuits such as the buffers 14 and 15 
across the width of the charge voltage converters 12 
and 13. This is because, as in the first embodiment, 
the output side charge transfer register branches into 
two so that the signal charge for the same pixel is split 
up and then transferred. 

Also, by adopting a read-out structure where 
reading out of the signal charge for each of the light- 
receiving portions 2 in the sensor row 3 is carried out 
from both sides, the array pitch of the light-receiving 
portions 2 can be set up to be 1/2 of the bit (transfer 
stage) pitch of the charge transfer registers 5a and 
5b. The pixel number can therefore be doubled and 
the resolution improved. 

FIG. 7 is a structural view showing a second mod- 
ification of the aforementioned first embodiment, with 
portions which are the same as portions in FIG. 6 be- 
ing given the same numerals. 

With the CCD image sensor of this second mod- 
ification, charge transfer registers 5a and 5b are pro- 
vided on both sides of the sensor row 3. The structure 
is such that signal charges accumulated for the same 
pixel at the light-receiving portions 2 of the sensor row 
3 are read-out to the charge transfer registers 5a and 
5b via the read-out gates 4a and 4b by being divided 
approximately into two. 

Here, in order to divide signal charge accumulat- 
ed at the light-receiving portions 2 for the same pixel 
into approximately two at the time of reading out, it is 
necessary to provide a device for setting up, for ex- 
ample, the potential at the region for accumulating 
signal charge in such a manner so as to be at it's most 
shallow at the central portion of the read-out direction 
i.e. the vertical direction in the drawing, with the po- 
tential then gradually becoming deeper as the read- 
out gates 4a and 4b are approached. 

The charge transfer registers 5a and 5b are made 
so as to have different transfer stage numbers and 
signal charges for the same pixel read out via the 
read-out gates 4a and 4b are transferred in synchron- 
ization. 

In this modification, the number of transfer sta- 
ges for the charge transfer register 5b is set up to be 
2 stages (two bits) more the that for the charge trans- 
fer register 5a. 
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ing to two bits at the final stage. 

Charge/voltage converters 12 and 13 for detect- 
ing and converting to a voltage signal charges which 
have been transferred are provided at each of the fi- 
nal stages of the output side transfer parts 7 and 8. 5 
Floating diffusion region have been used as the 
load/voltage converters 12 and 13 in this embodi- 
ment. However, the device is by no means limited in 
this respect, and any structure such as a floating gate 
or amplification detector etc. may be used as long as 10 
the signal load is detected and converted to a voltage. 

The output voltage of the charge/voltage conver- 
ter 12 is provided to the binary circuit 16 as a first im- 
age-sense signal V1 via a buffer 14 and the output 
voltage of the charge/voltage converter 1 3 is provided 15 
to the binary circuit 16 as a second image-sense sig- 
nal V2 via a buffer 15. 

The second image-sense signal V2 is delayed by 
two bits with respect to the first image-sense signal 
V1 i.e. a period of time corresponding to two transfer 20 
clocks, because the number of transfer stages of the 
output side transfer part 8 is set up to be 2 stages (2 
bits) larger than the output side transfer part 7. 

The binary circuit 16 is constructed from two 
comparators 17 and 18, an inverter 19 and a flip-flop 25 
20. 

With the binary circuit 16 of this embodiment, the 
two comparators 17 and 18 are wired so that the first 
image-sense signal V1 from the buffer 14 is inputted 
to the side input terminals and the second image- 30 
sense signal V2 from the buffer 15 is inputted to the 
* , - M side input terminals. The comparators 17 and 18 
are constructed so as to only work during the signal 
section of each of the pixel signals and not respond 
during the reset period. 35 

Weightings are given to the two inputs of the 
comparators 17 and 18 so that a hysterisis character- 
istic is present whereby the output voltage VK goes 
low at the comparator 17 when a signal of the same 
potential is inputted to the n + n side input terminal and 40 
the a - u side input terminal and the output voltage VJ 
goes high at the comparator 18 when a signal of the 
same potential is inputted to the "+" side input termi- 
nal and the N - a side input terminal. A detailed descrip- 
tion of the specific circuit structure for providing this 45 
weighting is given later. 

This weighting is used as a noise margin at the 
time of binarization. i.e. if the weighting (Vx) is set up 
so that the output voltage VK at the comparator 17 
only goes high when the first image-sense signal V1 50 
rises above the second image-sense signal V2 by just 
a constant voltage Vx and the output voltage VJ at the 
comparator 18 only goes low when the first image- 
sense signal V1 falls below the second image-sense 
signal V2 by just a constant voltage Vx, the compar- 55 
ators 1 7 and 1 8 will not respond to changes less than 
the fixed voltage Vx (infinitesimal fluctuations due to 
noise) and each of the output conditions will be main- 
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tained. 

A JK flip-flop circuit with, for example, a transfer 
clock (|>H1 (<(>H2) provided to the clock terminal CL is 
used as the flip-flop circuit 20. The output VJ of the 
comparator 18 is inverted by the inverter 19 and in- 
putted atthe J terminal of this JK flip-flop and the out- 
put VK of the comparator 17 is wired so as to be di- 
rectly inputted to the terminal K. A binarized output 
Vout is then taken from the output terminal Q N (inver- 
sion of Q) of the JK flip-flop circuit 20. 

The JK flip-flop circuit 20 may be constructed 
mainly from, for example, CMOS transistors and may 
also be formed on the same substrate (on-chip) as 
the sensor row 3 of the CCD image sensor 1 f the 
read-out gate 4 and the charge transfer register 5. 

FIG. 5 is a view showing the wave-shapes of the 
first and second image-sense signals V1 and V2 f 
each of the output voltages VK and VJ of the compar- 
ators 17 and 18 and the binarized output Vout. 

Next, a description will be given, with reference 
to the signal wave diagram of FIG. 5, of the signal 
processing operation occurring atthe binary circuit 16 
of the aforementioned construction. 

First, in FIG. 1 , the signal waveform of the second 
image-sense signal V2 taken from the charge/voltage 
converter 13 via the buffer 15 is a signal waveform 
which is 2 bits, i.e. 2 transfer clocks, slower than the 
first image-sense signal V1 taken from the 
charge/voltage converter 12 via the buffer 14. With 
regards to these image-sense signals V1 and V2, 
black information is shown in the section Tb and white 
information is shown in the section Tw. 

With regards to the waveform for the output vol- 
tage VJ outputted from the comparator 1 8, the output 
becomes low only when the signal level of the first im- 
age-sense signal V1 is more than a fixed voltage Vx 
lower than the signal level of the second image signal 
and goes high only when this level is equal to or great- 
er than the signal level of the second image signal. 
This is because the comparator 18 is weighted, as al- 
ready described, with a fixed voltage Vx. This output 
voltage VJ is inverted by the inverter 19 and inputted 
to the J terminal of the JK flip-flop 20. 

On the other hand, with regards to the waveform 
of the output voltage VK outputted from the compar- 
ator 1 7, the output only goes high when the signal lev- 
el of the first image-sense signal V1 exceeds the sig- 
nal level of the second image-sense signal V2 by the 
fixed voltage Vx or greater and goes low when the lev- 
el is the same or lower. This output voltage VK is in- 
putted to the J terminal of the JK flip-flop 20. 

The signal waveform for the binary output Vout 
present at the output QN of the JK flip-flop 20 goes 
high at the point in time when the output voltage VK 
of the comparator 17 synchronized with the clock CL 
goes high with the output voltage VJ of the compara- 
tor 18 being high and the J terminal input being low, 
and goes low at the point in time when the output vol- 
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The signal charge for the same pixel transferred 
by the charge transfer registers 5a and 5b posses a 
time difference corresponding to two bits at the final 
stage. 

Charge/voltage converters 12 and 13 for detect- 
ing the transferred signal charge and changing this 
signal charge to a voltage, made using, for example, 
floating diffusion region, are provided at each of the 
final stages for the charge transfer registers 5a and 
5b. 

In the case of this second modification, as in the 
case of the first embodiment, the construction is such 
that signal charge accumulated for the same pixel is 
distributed as signal charge for two systems and then 
transferred by charge transfer registers 5a and 5b 
having differing numbers of transfer stages within 
each system. It is therefore possible to make the 
charge transfer registers 5a and 5b in places on the 
pattern layout which are somewhat separated and cir- 
cuits such as the buffers 14 and 15 can easily be pro- 
vided crosswise across the charge/voltage conver- 
ters 12 and 13. 

In this second modification, the signal charge for 
the same pixel is split-up between two systems and 
read out using the stages for reading out signal charg- 
es from the light-receiving portions 2. It is therefore 
necessary for the pitch of the sensor row 3 and the bit 
(transfer stage) pitch of the charge transfer registers 
5a and 5b to be the same so that the number of pixels 
cannot be increased. However, as in the case of the 
first modification, the signal charge distributed using 
pixel units can be gathered together and as it is not 
necessary to have a structure where the signal 
charge for the same pixel is again distributed be- 
tween two systems and a charge transfer system 
structure which is simpler than that of the first modi- 
fication is therefore possible. 

Next, a description is given, with reference to FIG. 
8 to FIG. 11, of several typical examples of specific 
circuit structures for providing weighting at the com- 
parators 18 (17). 

First, the first example shown in FIG. 8 has two 
n-channel MOSFETs (hereinafter referred to simply 
as the first and second MOS transistors Tr1 and Tr2), 
having their drain electrodes connected in common 
and two n-channel MOSFETs (hereinafter referred to 
simply as the third and fourth MOS transistors Tr3 
and TR4) connected in series with each of the MOS 
transistors Trl and Tr2. 

The main part of the construction is an RS flip- 
flop circuit where a Q terminal is derived from a com- 
mon connection point of the first and third MOS 
transistors Tr1 and Tr3 to which the gate electrode of 
the fourth MOS transistor Tr4 is connected and a Q N 
terminal is derived from a common connection point 
a 2 of the second and fourth MOS transistors Tr2 and 
Tr4 to which the gate electrode of the third MOS tran- 
sistor Tr3 is connected. 



A clock generating source 21 is connected be- 
tween the point where the first and second MOS tran- 
sistors Tr1 and Tr2 are connected in common and 
earth and each of the source electrodes of the third 

5 and fourth MOS transistors Tr3 and Tr4 are connect- 
ed to earth. A capacitor C is connected between the 
common connection point a 2 of the second and fourth 
MOS transistors Tr2 and Tr4 and earth. The gate elec- 
trode of the first MOS transistor Tr1 is derived as the 

10 °+ n side input terminal w +IN n and the gate electrode of 
the second MOS transistor Tr2 is derived as the w -° 
side input terminal "-INT. 

The threshold voltage of the second MOS tran- 
sistor Tr2 in this first example of a circuit structure be- 

15 comes high depending on the charge accumulated at 
the capacitor C. 

In this way, the threshold voltages of the first 
MOS transistor Tr1 into which the first image-sense 
signal V1 is inputted and the second MOS transistor 

20 Tr2 into which the second image sense signal V2 is 
inputted become unbalanced. The result of this is that 
the portion of the threshold voltage added at the sec- 
ond MOS transistor Tr2 is equivalently added with re- 
spect to the signal level inputted at the + side input 

25 terminal +IN. 

A capacitor C is connected across the common 
connection point a1 of the first and third MOS transis- 
tors Tr1 and Tr3 in the case of the comparator 1 7, al- 
though this is not shown in the drawings, so that the 

30 threshold voltage of the first MOS transistor Tr1 de- 
pends upon the charge accumulated at the capacitor 
C. According to the same theory as for the above 
case, the added portion of the threshold voltage of the 
first MOS transistor Tr1 is equivalently added with re- 

35 spect to the level of the signal inputted at the - side 
input terminal -IN. 

Next, as shown in FIG. 9, the structure for a sec- 
ond example of the comparator 18 has a construction 
which is basically almost the same as that of the first 

40 example. However, the capacitor C connected across 
the common connection point a2 of the second and 
fourth MOS transistors Tr2 and Tr4 has been re- 
moved and instead a resistance R has been intro- 
duced across the source electrode of the second 

45 MOS transistor Tr2 and the drain electrode of the 
fourth MOS transistor Tr4. 

The threshold voltage of the first MOS transistor 
Tr1 into which the first image-sense signal is inputted 
and the second MOS transistor Tr2 into which the 

50 second image-sense signal V2 is inputted are also ef- 
fectively unbalanced in this second example circuit 
structure due to the voltage drop at the resistance R. 
The threshold voltage portion added at the second 
MOS transistor Tr2 is therefore equivalently added 

55 with respect to the level of the signal inputted at the 
+ signal input terminal IN. 

Now, although not shown in the drawings, in the 
case of the comparator 17, the threshold voltages of 
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the first MOS transistor Tr1 into which the first image- 
sense signal V1 is inputted and the second MOS tran- 
sistor Tr2 into which the second image-sense signal 
V2 is inputted are effectively unbalanced by the intro- 
duction of a resistance R across the source electrode 
of the first MOS transistor Tr1 and the drain electrode 
of the third MOS transistor Tr3. The additional thresh- 
old voltage portion added at the first MOS transistor 
Tr1 is therefore equivalently added with respect to the 
level of the signal inputted at the - side input terminal 
-IN. 

Next, a structure for a third example of the com- 
parator 18 shown in FIG. 10 has almost the same 
structure as the second example, but differs from the 
second example in that the resistance R is introduced 
on the drain side of the second MOS transistor Tr2. 

The threshold voltages of the first MOS transistor 
Tr1 into which the first image-sense signal V1 is in- 
putted and the second MOS transistor Tr2 into which 
the second image-sense signal V2 is inputted are 
also effectively unbalanced in this third example cir- 
cuit structure and the threshold voltage portion added 
at the second MOS transistor Tr2 is equivalently add- 
ed with respect to the level of the signal inputted at the 
+ side input terminal +IN. 

Although not shown in the drawings, in the case 
of the comparator 17, the threshold voltages of the 
first MOS transistor Tr1 into which the first image- 
sense signal V1 is inputted and the second MOS tran- 
sistor Tr2 into which the second image-sense signal 
is inputted are effectively unbalanced by introducing 
the resistor R on the drain side of the first MOS tran- 
sistor Tr1 . The threshold voltage portion added at the 
first MOS transistor Tr1 is therefore added equiva- 
lently with respect to the level of the signal inputted 
at the - side input terminal -IN. 

Next, a fourth example of the comparators 17 and 
1 8 has almost the same construction as the first ex- 
ample. However, the capacitor C connected across 
the common connection point a 2 of the first and fourth 
MOS transistors Tr2 and Tr4 is removed and instead 
the ratio W1 /L1 of the channel width W1 and the chan- 
nel length L1 at the first MOS transistor Tr1 and the 
ratio W2/L2 of the channel width W2 and the channel 
length 12 of the second MOS transistor Tr2 are inten- 
tionally made so as to be different. 

The threshold voltages of the first MOS transistor 
Tr1 into which the first image-sense signal V1 is in- 
putted and the second MOS transistor Tr2 into which 
the second image-sense signal V2 is inputted are 
also unbalanced in the fourth example structure. The 
threshold voltage portion added at the second MOS 
transistor Tr2 or the first MOS transistor Tr2 transistor 
is therefore added equivalently with respect to the + 
side input terminal +IN or the - side input terminal -IN. 

As a modification of the fourth example, a struc- 
ture may also be adopted where the ratio W3/L3 of the 
channel width W3 and the channel length L3 of the 



third MOS transistor Tr3 and the ratio W4/L4 of the 
channel width W4 and channel length L4 of the fourth 
MOS transistor Tr4 are intentionally made so as to 
differ. 

5 The threshold voltages of the first MOS transistor 

Tr1 into which the first image-sense signal V1 is in- 
putted and the second MOS transistor Tr2 into which 
the second image-sense signal V2 is inputted are 
also unbalanced in this modification. The threshold 

10 voltage portion added at the second MOS transistor 
Tr2 or the first MOS transistor Tr2 transistor is there- 
fore added equivalently with respect to the + side in- 
put terminal +IN or the - side input terminal -IN. 

FIG. 1 2 is a structural view showing a second em- 

15 bodiment of the present invention, with portions in the 
drawings which are equivalent to portions in FIG. 1 
being given the same numerals. 

In this second embodiment, the charge transfer 
register 5 comprises a common transfer part 6 for 

20 transferring signal charge read from the sensor row 
3 as is in pixel units, and three output side transfer 
parts 22, 23 and 24 for distributing signal charge for 
the same pixel between three systems by splitting up 
the charge transfer register 5 into three on the output 

25 side and then transferring the charges. 

At the output side transfer parts 22, 23 and 24, 
the number of transfer stages of the output side trans- 
fer part 22 and the output side transfer part 24 are set 
up to be the same and the number of stages in the out- 

30 put side transfer part 23 is set up to be, for example, 
two stages (two bits) less than the number of stages 
of the output side transfer parts 22 and 24. 

Charge/voltage converters 25, 26 and 27 for de- 
tecting transferred signal charge and converting this 

35 signal charge to a voltage constructed using, for ex- 
ample, floating diffusion region, are provided at each 
of the last stages of the output side transfer parts 22, 
23 and 24. 

The output voltages of the charge/voltage con- 
40 verters 25, 26 and 27 are outputted to the binary cir- 
cuit 16 as first, second and third image-sense signals 
V1, V2 and V3 via the buffers 28, 29 and 30, respec- 
tively. 

The first and third image signals V1 and V3 are 
45 delayed by a period of time corresponding to two bits 
i.e. two transfer clocks with respect to the second im- 
age-sense signal V2 which is taken as a reference be- 
cause the number of transfer stages of the output side 
transfer part 23 is set up to be two bit portions less 
so than the number of transfer stages of the output side 
transfer parts 22 and 24. 

The binary circuit 16 comprises two comparators 
17 and 18 having the same characteristics, an inver- 
ter 19 and a flip-flop 20. 
55 The wiring of the binary circuit 1 6 of this embodi- 

ment is such that the second image-sense signal V2 
from the buffer 29 is inputted to the + side input ter- 
minals of the comparators 17 and 18, the first image- 
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sense signal V1 from the buffer 28 is inputted to the 
- side input terminal of the comparator 17 and the third 
image-sense signal V3 from the buffer 30 is inputted 
to the - side input terminal of the comparator 18. The 
two comparators 17 and 18 are constructed so as to 
only operate during the signal sections of each of the 
pixel signals and not respond during the reset period. 

A JK flip-flop circuit with, for example, a transfer 
clock <|)H1 (<|>H2) provided to the clock terminal CL is 
used as the flip-flop circuit 20. The output VJ of the 
comparator 18 is inverted by the inverter 19 and in- 
putted at the J terminal of this JK flip-flop and the out- 
put VK of the comparator 17 is wired so as to be di- 
rectly inputted to the terminal K. A binarized output 
Vout is then taken from the output terminal Q N (inver- 
sion of Q) of the JK flip-flop circuit 20. 

In this embodiment, the respective reset drains 
RD1 , RD2 and RD3 of the charge/voltage converters 
25, 26 and 27 of a floating diffusion region structure 
are set up to have differing reset potentials VRD1, 
VRD2 and VRD3 (VRD1 > VRD2 > VRD3). Specifical- 
ly, the reset potential VRD2 is taken as a reference 
and setting-up is carried out so that, when the weight- 
ing is taken to be Vx, VRD1=VRD2 + Vx and 
VRD3=VRD2 - Vx. The potential distribution of the 
charge/voltage converters 25, 26 and 27 in this case 
is shown in FIG. 13. 

In this way, an operation equivalent to the giving 
of a weighting using the comparators 1 7 and 1 8 of the 
first embodiment can be obtained because the offset 
levels, for example, the reset levels VRD1\ 
VRD2' and VRD3* after the buffering, of the respec- 
tive output voltages are different. 

As described above, according to the structure of 
the second embodiment, signal charge for the same 
pixel is distributed between three systems and trans- 
ferred, converted to voltages by three charge/voltage 
converters 25, 26 and 27 and the reset potential of at 
least one of the respective reset potentials VRD1, 
VRD2 and VRD3 of the three charge/voltage conver- 
ters 25, 26 and 27 is made to differf rom the remaining 
reset potentials. It is therefore no longer necessary 
for the comparators 17 and 18 including the buffers 
28 to 30 to be unbalanced. 

The two comparators 17 and 18 and the three 
buffers 28 to 30 may therefore have the same char- 
acteristics and the characteristics of the overall circuit 
can be stabilized. 

The weighting process may also be carried out by 
intentionally making the characteristics of the circuit 
unbalanced when viewed from the + side input termi- 
nal and the - side input terminal of the comparators 17 
and 1 8 as described based on FIG. 8 to FIG. 1 1 . How- 
ever, in this case, it is difficult to set-up the weighting 
Vx accurately due to variations in the wafer process, 
making the weightings Vx between the devices differ- 
ent. 

However, in this second embodiment weighting 



where variations are almost non-existent can be ach- 
ieved by limiting variations due to the wafer process 
etc. by making at least one of the respective reset vol- 
tages VRD1, VRD2 and VRD3 of the three 
5 charge/voltage converters 25, 26 and 27 different 
Also, if the wiring for the reset drains RD1, RD2 
and RD3 is derived as RD external terminals 31, 32 
and 33, the value of the weighting Vx can easily be 
externally controlled and binary sensitivity adjust- 
to ments can be carried out 

Next the operation of the construction of the sec- 
ond embodiment is described with reference to the 
signal wave diagrams in FIG. 14. 

First, in FIG. 12, the signal waveform of the sec- 
ts ond image-sense signal V2 read from the 
charge/voltage converter 26 via the buffer 29 is de- 
layed by two bits (i.e. two transfer clocks) with re- 
spect to the waveforms for the first image-sense sig- 
nal V1 read from the charge voltage converter 25 via 
20 the buffer 28 and the third image signal V3 read from 
the charge/voltage converter 27 via the buffer 30. The 
sections Tb of these image-sense signals V1, V2 and 
V3 show black information and the sections Tw show 
white information. 
25 Here, the waveform of the output voltage VK of 

the comparator 17 goes high only when the signal lev- 
el of the second image-sense signal V2 falls below 
the signal level of the first image-sense signal V1 by 
an amount greater than the weighting Vx, and goes 
30 low at times other than this. This is because, in this 
second embodiment, setting-up is carried out so that 
VRD1 (= VRD2 + Vx) > VRD2 > VRD3 (= VRD2-Vx). 
This output voltage VK is inputted to the K terminal of 
the JK flip-flop 20. 
35 On the other hand, the waveform of the output 

voltage VJ of the comparator 18 only goes low when 
the signal level of the second image-sense signal V2 
falls below the signal level of the image-sense signal 
V3 by an amount greater than the weighting Vx, and 
40 goes high at other times. This output voltage VJ is in- 
verted by the inverter 1 9 and inputted to the J terminal 
of the JK flip-flop circuit 20. 

In this example, the output is unsettled when the 
+ side input terminal and the - side input terminal are 
45 of the same potential because the comparators 17 
and 18 posses the same characteristics. 

With the output voltage VJ of the comparator 18 
being high so that the J terminal input is low, when the 
output voltage VK of the comparator 1 7 goes high, the 
so binary output Vout present at the output Q N of the JK 
flip-flop 20 goes high, and when the output voltage VJ 
of the comparator 1 8 goes low and the J terminal input 
goes high, the binary output Vout goes low. 

As becomes clear by comparing the waveforms 
55 V1 and V3 and the waveform Vout of FIG. 14, the bi- 
nary voltage Vout outputted from the JK flip-flop cir- 
cuit 20 is a binarized version of the first and third im- 
age-sense signals V1 and V3. Information corre- 
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sponding to black and white information read from the 
sensor row 3 of the CCD image sensor 1 can there- 
fore be discerned with a high degree of precision 
based on this binary voltage Vout. 

FIG. 15 is a structural view showing a third em- 
bodiment of the present invention with portions equiv- 
alent to portions in FIG. 1 being given the same nu- 
merals. 

In this third embodiment, the charge transfer reg- 
ister 5 divides into two on the output side so as to dis- 
tribute signal charge for the same pixel. Transfer 
parts 7 and 8 having transfer stage numbers which 
differ as in the structure in the first embodiment at the 
head of each branch. Three buffer 28, 29 and 30 are 
provided for the charge/voltage converters 12 and 13. 
The output voltage of the charge/voltage converter 12 
is taken out via the buffer 29 as the second image- 
sense signal V2 to be taken as a reference, with the 
output voltage of the charge/voltage converter 13 be- 
ing taken out via the buffer 28 as the first image-sen- 
se signal V1 and being taken out via the buffer 30 as 
the third image-sense signal V3. 

FIG. 16 is a circuit diagram showing an example 
of the buffers 28, 29 and 30. As shown in the drawing, 
buffer 28 comprises a source follower circuit 34 con- 
sisting of two n-channel MOSFETs (hereinafter re- 
ferred to simply as MOS transistors Tr11 and Tr12) 
connected in series across a power supply and earth, 
buffer 29 comprises a source follower circuit 35 con- 
sisting of two n-channel MOSFETs (hereinafter re- 
ferred to simply as MOS transistors Tr21 and Tr22) 
connected in series across the power supply and 
earth and buffer 30 comprises a source follower cir- 
cuit 36 consisting of two n-channel MOSFETs (here- 
inafter referred to simply as MOS transistors Tr31 and 
Tr32) connected in series across the power supply 
and earth. 

Two source follower circuits 37 and 38 are provid- 
ed at the pre-stages of the source follower circuits 34, 
35 and 36. 

The source follower circuit 37 is constructed from 
two n-channel MOSFETs (hereinafter referred to 
simply as MOS transistors Tr41 and Tr42) connected 
in series across the power supply and earth and the 
source follower circuit 38 is constructed from two n- 
channel MOSFETs (hereinafter referred to simply as 
MOS transistors Tr51 and Tr52) connected in series 
across the power supply and earth. 

The gate of the MOS transistor Tr41 of the pre- 
stage source follower circuit 37 is connected to the 
FD1 (floating diffusion region) of the charge voltage 
converter 12 and the gate of the MOS transistor51 of 
the source follower circuit 38 is connected to the FD2 
of the charge/voltage converter 1 3. 

The output terminal of the source follower circuit 
37 is connected to the gate of the MOS transistor Tr21 
of the source follower circuit 35. The output terminal 
of the source follower circuit 38 is connected to the 



gates of the MOS transistor Tr1 1 of the source follow- 
er 34 and the MOS transistor Tr31 of the source fol- 
lower circuit 36. 

A bias voltage Vgg1 is applied to the gate of the 

5 MOS transistor Tr12 of the source follower circuit 34. 
A bias voltage Vg2 is applied to the gates of the MOS 
transistor Tr22 of the source follower circuit 35, the 
MOS transistor Tr42 of the source follower circuit 37 
and the MOS trans istorTr52 of the source follower cir- 

10 cuit 38. Also, a bias voltage Vgg is applied to the gate 
of the MOS transistor Tr32 of the source follower cir- 
cuit 36. 

The first image-sense signal V1, second image- 
sense signal V2 and third image-sense signal V3 are 

15 then taken out as the output signals of the source fol- 
lower circuit 34, the source follower circuit 35 and the 
source follower circuit 36 respectively. 

Bias voltages Vgg1, Vgg2 and Vgg3 of differing 
values may be given to the source follower circuits 34, 

20 35 and 36 in the buffer circuits 28, 29 and 30 of the 
aforementioned structure so that the bias current 
flowing through each of the source follower circuits 
34, 35 and 36 differ. The input characteristics (oper- 
ating characteristics) of each of the buffers may 

25 therefore be changed, as shown in FIG. 17. 

In this embodiment, the bias voltages Vgg1, 
Vgg2 and Vgg3 are set up so as to give a relationship 
where, for example, V11 > V12 > V13 when the offset 
levels of each of the outputs of the buffers 28, 29 and 

30 30 have been made to be V11, V12 and V13. 

Specifically, setting up is carried out so that V11 
= V1 2 + Vx and V13 = V12 - Vx when taking the offeet 
level V12 as a reference and taking the weighting as 
Vx. 

35 The signal levels of each of the first to third im- 

age-sense signals V1 to V3 can be changed by using 
the setting-up of the offset levels V11, V12 and V1 3. 
It is therefore no longer necessary for the compara- 
tors 17 and 18 to be unbalanced in the way that was 

40 necessary in the first embodiment. 

According to the structure of the third embodi- 
ment as described above, by giving each of the buf- 
fers 28 to 30 different input/output characteristics, it 
is no longer necessary to make the comparators 17 

45 and 18 unbalanced so that comparators 17 and 18 
having the same characteristics may be used and the 
characteristics of the circuit overall may be stabilized. 

Further, the input/output characteristics of each 
of the buffers 28 to 30 may be changed by adjusting 

so the bias voltages Vgg1, Vgg2 and Vgg3. Binary sen- 
sitivity may therefore be adjusted because the value 
of the weighting Vx can easily be externally control- 
led. 

Next, the operation of the structure of the third 
55 embodiment will be described with reference to the 
signal waveform diagrams in FIG. 18. 

First, in FIG. 15, the signal waveform of the sec- 
ond image-sense signal V2 taken from the 

10 
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charge/voltage converter 12 via the buffer 29 is de- 
layed by two bits (i.e. two transfer clocks) with re- 
spect to the signal waveforms of the first and third im- 
age-sense signals V1 and V3 taken from the 
charge/voltage converter 13 via the buffer 28 and the s 
buffer 30, respectively. The section Tb of these im- 
age-sense signals V1, V2 and V3 shows black infor- 
mation and the section Tw shows white information. 

In this third embodiment, the output offset levels 
of each of the buffers 28, 29 and 30 are set up so that 10 
V11 (=V12 + Vx) > V12 > V13 (=V12 - Vx). The wave- 
form of the output voltage VK of the comparator 17 
therefore goes high only when the signal level of the 
second image-sense signal V2 falls below the signal 
level of the first image-sense signal V1 by an amount 1 s 
greater than the weighting Vx, and goes low at times 
other than this. This output voltage VK is inputted to 
the K terminal of the JK flip-flop 20. 

On the other hand, the waveform of the output 
voltage VJ of the comparator 18 only goes low when 20 
the signal level of the second image-sense signal V2 
falls below the signal level of the image-sense signal 
V3 by an amount greater than the weighting Vx, and 
goes high at other times. This output voltage VJ is in- 
verted by the inverter 1 9 and inputted to the J terminal 25 
of the JK flip-flop circuit 20. 

In this example, the output is unsettled when the 
-•- side input terminal and the - side input terminal are 
of the same potential because the comparators 17 
and 18 posses the same characteristics. 30 

With the output voltage VJ of the comparator 1 8 
being high so that the J terminal input is low, when the 
output voltage VK of the comparator 1 7 goes high, the 
binary output Vout present at the output Q N of the JK 
flip-flop 20 goes high, and when the output voltage VJ 35 
of the comparator 18 goes low and the J terminal input 
goes high, the binary output Vout goes low. 

As becomes clear by comparing the waveform V2 
and the waveform Vout of FIG. 14, the binary voltage 
Vout output ted from the JK flip-flop circuit 20 is a bi- 40 
narrzed version of the second image-sense signal V2. 
Information corresponding to black and white read 
from the sensor row 3 of the CCD image sensor 1 can 
therefore be discerned to a high degree of precision 
based on this binary voltage Vout. 45 

In this third embodiment the giving of the weight- 
ing is carried out by changing the operating charac- 
teristics of each of the buffers 28, 29 and 30 by giving 
the source-follower circuits 34, 35 and 36 bias voltag- 
es Vgg1, Vgg2 and Vgg3 of different values. How- so 
ever, an equivalent weighting may also be attached 
by changing the size (W/L etc.) of the MOS transistors 
of the source follower circuits 34, 35 and 36 or provid- 
ing amplifiers within the buffers 28, 29 or 30 and 
changing the operating point of each amplifier. 55 

In each of the above embodiments, descriptions 
have been given for the case of application in a linear 
sensor. However, because embodiments of the pres- 



ent invention involve charge transfer registers, 
charge/voltage converters, buffers and binary circuit 
comparators, the present invention is not limited to 
linear sensors and can also be applied to area sen- 
sors. Further, the present invention is not limited to 
solid-state image-sensing devices and may also be 
applied in the same way to delay elements of charge 
transfer devices. 

Further, in each of the aforementioned embodi- 
ments, in the case where signal charge for the same 
pixel is split up between, for example, two systems, 
this has been carried out at a distribution ratio of 1:1, 
but it is by no means necessary to carry out the dis- 
tribution equally and an arbitrary distribution ratio 
may be set up. 

Also, with regards to the delay time difference, a 
time period corresponding to two bits has been 
adopted in each embodiment but a time period corre- 
sponding to one bit or three bits is also possible. 

The solid-state image-sensing device as struc- 
tured in each of the aforementioned embodiments 
can be applied to barcode reading devices for reading 
barcode information attached to mediums such as, 
for example, goods, and outputting this information 
as binary information. 

An example of the structure of a barcode reading 
device is shown in FIG. 21. In this drawing, a barcode 
(not shown in the drawing) attached to a medium 41 
is illuminated by a light source 42 and then read by 
guiding the reflected light into an image sensor 1 via 
an optical system 43 such as a lens etc. 

The structure described in each of the aforemen- 
tioned embodiments may be used as the image sen- 
sor 1. i.e. a structure is adopted where signal charge 
accumulated at the same light receiving parts (pixels) 
2 of the sensor part (sensor row 3) is taken as the sig- 
nal charge for at least two systems and is transferred 
with there being a different number of transfer stages 
between each system so as to give a time difference 
between signal charges for the same pixel. These sig- 
nal charges for at least two systems are then convert- 
ed to voltages and outputted. This image sensor 1 is 
cont roll ably driven by a driver circuit 44. 

The output voltages of the at least two systems 
of the image sensor 1 are provided to the binary cir- 
cuit 16 and binarized. The structure described for 
each of the aforementioned embodiments may also 
be used here as the binary circuit 16. i.e. the binary 
circuit may comprise comparators (comparators 17 
and 18 and an inverter 19) for performing level com- 
parisons on each of the output voltages from the im- 
age sensor 1 and a detector (the JK flip-flop 20) for 
detecting the transition points of the levels outputted 
by each of the comparators. 

This binary signal is then decoded by a decoder 
45 and finally outputted as read-out information. 

In this way, by using solid-state image-sensing 
apparatus embodying the present invention, it is pos- 
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sible to provide a bar-code reading device where the 
circuit structure of the solid-state image-sensing de- 
vice in itself is simple, external parts are few, power 
consumption is low, the structure is highly noise re- 
sistant, compact and lightweight and moreover is ca- 
pable of reading barcodes accurately. 

Still further, solid-state image-sensing apparatus 
embodying the present invention is by no means lim- 
ited to applications in barcode reading devices and 
applications in, for example, simple facsimile ma- 
chines etc. are also possible. 

As described above, in embodiments of the pres- 
ent invention, by adopting a structure where signal 
charge for the same pixel is taken as signal charge for 
at least two systems and then transferred, with the 
number of transfer stages in each system being dif- 
ferent and each signal charge being converted to a 
voltage at a charge/voltage converter and then being 
outputted, circuit systems of the charge/voltage con- 
verters can easily be positioned crosswise with re- 
spect to the charge/voltage converters and can there- 
fore be formed "on-chip" on the same substrate as the 
image sensor. 

A reducing of the number of parts and a lowering 
of the power consumption can be achieved because 
the image-sense signal binary information can be ob- 
tained using a circuit simple in structure and compa- 
tibility can be achieved when the operating power 
supply voltage is a low voltage because the circuit 
structure can be made sufficiently resistant to noise 
without using diodes. 



Claims 



2. A solid-state image-sensing device according to 



claim 1, wherein the charge transfer part has a 
common transfer part for transferring signal 
charge read-out from the sensor, as is, in units for 
each light-receiving portion and first and second 
5 transfer parts for distributing between at least 

two systems and transferring the signal charge of 
one receiver transferred by the common transfer 
part. 

10 3. A solid-state image-sensing device according to 
claim 1, wherein the comparator has a hysterisis 
characteristic. 

4. A solid-state image-sensing device according to 
15 claim 1, wherein the plurality of charge/voltage 

converters are set up in such a manner that at 
least one reset potential differs from the remain- 
ing reset potentials. 

20 5. A solid-state image-sensing device according to 
claim 1 , wherein each reset potential of the plur- 
ality of charge/voltage converters can be inde- 
pendently adjusted. 

25 6. A solid-state image-sensing device according to 
claim 1, further equipped with a plurality of buf- 
fers each having differing input/output character- 
istics for providing each of the output voltages of 
the plurality of charge/voltage converters to the 
30 comparator. 

7. A solid-state image-sensing device according to 
claim 6, wherein each of the plurality of buffers 
are constructed using a source-follower circuit 

35 construction with the buffer voltages being set- 

up at mutually differing values. 

8. A bar code reading device comprising: 
a light source; and 
an image sensor comprising; 

a sensor having a plurality light- 
receiving portions arrayed, with each light- 
receiving portion converting light, reflected when 
light is shone from the light source onto a bar-co- 
de attached to a medium, into a signal charge cor- 
responding to the amount of reflected light and 
accumulating the signal charges; 

a charge transfer part for distributing the 
signal charge stored atone light-receiving portion 
of the sensor between at least two systems and 
transferring the signal charge using different 
numbers of stages; 

a plurality of charge/voltage converters for 
detecting and converting into voltages the signal 
charges of the at least two systems transferred 
by the charge transfer part; 

a comparator for carrying out a level con- 
version on each of the outputs of the plurality of 



25 



30 



1. A solid-state image-sensing device comprising: 

a sensor having a plurality of light- 
receiving portions arrayed, each light-receiving 
portion converting incident light into a signal 
charge corresponding to the amount of incident 40 
light and accumulating the signal charges; 

a charge transfer part for distributing be- 
tween at least two systems the signal charge 
stored at one light-receiving portion part of the 
sensor and transferring the signal charge using 45 
different numbers of stages; 

a plurality of charge/voltage converters for 
detecting and converting into voltages the signal 
charges of the at least two systems transferred 
by the charge transfer part; so 

a comparator for carrying out a level con- 
version on each of the outputs of the plurality of 
charge/voltage converters; and 

a detector for detecting the level transition 
point of the comparator output signal and gener- 55 
ating a binary signal. 
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charge/voltage converters; and 

a detector for detecting the level transition 
point of the comparator output signal and gener- 
ating a binary signal. 

5 

9. A bar-code reading device according to claim 8, 
wherein the charge transfer part has a common 
transfer part for transferring signal charge read- 
out from the sensor, as is, in units for each light- 
receiving portion and first and second transfer 10 
parts for distributing between at least two sys- 
tems and transferring the signal charge of one 
light-receiving portion transferred by the com- 
mon transfer part. 

15 

10. A bar-code reading device according to claim 8, 
wherein the comparator has a hysterisis charac- 
teristic. 

11. A bar-code reading device according to claim 8, 20 
wherein the plurality of charge /voltage conver- 
ters are set up in such a manner that at least one 
reset potential differs from the remaining reset 
potentials. 

25 

12. A bar-code reading device according to claim 8, 
wherein each reset potential of the plurality of 
charge/voltage converters can be independently 
adjusted. 

30 

13. A bar-code reading device according to claim 8, 
further equipped with a plurality of buffers each 
having differing input/output characteristics for 
providing each of the output voltages of the plur- 
ality of charge/voltage converters to the compar- 35 
ator. 

14. A bar-code reading device according to claim 13, 
wherein each of the plurality of buffers are con- 
structed using a source-follower circuit construe- 40 
tion with the buffer voltages being set-up at mu- 
tually differing values. 



45 



so 



55 



13 



BNSDOCID: <EP 06B5813A2 I > 



EP0 685 813 A2 




14 



EP0 685 813 A2 



FIG. 2 



common transfer part 



7,8 

output side transfer part 



to transfer gate electrode 



r 

X1 t 1 




■8 



fX2 



// channel 



15 



EPO 685 813 A2 



FIG. 3 



4H2 



y. 



0H1 

1 



y_ 



I 



N I IT I N I N" In 



P-well 



FIG. 4 



0H2 



0H1 



y. 



y. 



N" 1 N I N" I N 
P-well 



potential 



signal charge 



transfer direction 



16 



EP0 685 813 A2 



FIG. 5 



Tb 



Tw 



Tb 



Tw 



VI 



run 



Tb 



Tw 



Tb 



Tw 



V2 



rur_nn 



in. 



VJ 



VK 



Vout 



17 



BNSDOCID: <EP 0685813A2 I > 



EP0 685 813 A2 




4b 



77 

4a 5a 



FIG. 7 



5b 



I I 



2-bit time » 
difference /° 

M H^ 2 



JRD 



06 



/ 

2? 



RD 



18 



BNSDOCID: <EP 068S813A2 I > 



EP 0 685 813 A2 




EP 0 685 81 3 A2 



FIG. 10 



+IN o |[~-Tri 




R 



Q o- 



Tr2- 



Tr3 




|| o -IN 

° Qn 



— Tr4 

J ' 



777 



FIG. 11 




W1/L1J |_W2/L2 
+IN 6— |-F-Tri Tr2 ~3h — ° ~!N 



Q o 



Tr3- 




-o Qn 



X 



1 



-Tr4 



W1/L1*W2/L2 



20 



i 



EP0 685 813 A2 




RNSDOCID: <EP 0685813A2 I > 



f 



EP0 685 813 A2 




BNSDOGID <EP OfiRSftlSAP I > 



1 



EP0 685 813 A2 



FIG. 14 



Tb 



Tw 



Tb 



Tw 



vi run 



mimi 



-vRor 



Tb_ 

V2n_n_n_n 

Tb Tw 



Tw 



Tb 



Tw 



ISUUU 



-VRD2' 



v3nn 



Tb 



Tw 



injur" 



VJ 



VK 



vout 



23 



BNSOOCID: <EP 068S813A2_I_> 



EP0 685 813 A2 




24 



BNSDOCID:<EP 068581 3A2 I > 



EP0 685 813 A2 



FIG. 16 



12 charge/voltage 
— converter 



FD1 



R6 

_| _L RD 



Vgg2 o- 



FD2 



R6 

J- RD 

h \m 



37 

I 

. i 



Qr41 



X 



38 

i 

, i , 

I 
I 
I 



Qr5l 



U|jr52 



I 777 



LTrll 



Vgg1. r 



I 



r22 



777 



T 

LTr31 



Vgg3 ir; 



777 



N ^~34 source follower 
— o VI 



Tr21 ^-"35 source follower 
— o V2 



30 



^-—36 source follower 
-o V3 



l II j 



13 charge/voltage 
— converter 



25 



EP0 685 813 A2 



FIG. 17 



output 
voltage 
[V] 




input voltage [V] 



FIG. 18 



- source follower 34 

- source follower 35 
source follower 36 



nr 


JUl 

Tb 


JU 

Tw 




1 w 

JUl 

rb 


JL 

Tw 


run 

Tb 


LTLT 

T 


JUl 

W 


LTL 

T 


b 


Tw 


JL 


ri_r 


_ruuir 




JLRJL 



V3 



VJ 
VK 



Vout 



26 



BNSOOCID- <EP 0685813A2 I > 



EP0 685 813 A2 




27 



BNSDOCID: <EP 068581 3A2_I_> 



• 1 



EP0 685 813 A2 



Vout 



FIG. 20 



5V 



0.7 



0.7 



5V 



wVin (Vq) 



light 

source 



■42 



FIG. 21 



41 43 



image 
sensor 



16 



45 



binarizer 



decoder 



drive 
circuit 



44 



28 



BNSDOCID <EP 066561 3A2J_> 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

07.01.1998 Bulletin 1998/02 



(it) EP 0 685 813 A3 

EUROPEAN PATENT APPLICATION 

(51) Intel* G06K7/10, H01L 27/148 



(43) Date of publication A2: 

06.12.1995 Bulletin 1995/49 

(21) Application number: 95303605.0 

(22) Date of filing: 26.05.1995 



(84) Designated Contracting States: 


(72) Inventor: Maki, Yasuhito, c/o Int. Prop. Div., 


DE FR GB 


Sony Corp. 




Tokyo 141 (JP) 


(30) Priority: 27.05.1994 JP 138151/94 




(74) Representative: Williams, Janice et al 


(71) Applicant: SONY CORPORATION 


D. Young & Co., 


Tokyo (JP) 


21 New Fetter Lane 




London EC4A 1DA (GB) 



(54) 



Solid state image-sensing device and barcode reading device employing same 



(57) A solid-state image-sensor comprises a sensor 
(3), a charge transfer part (5), a plurality of charge/volt- 
age converters (14,15), a comparator and a detector. 
The sensor has a plurality of arrayed light-receiving por- 
tions (2), with each light-receiving portion converting in- 
cident light into a signal charge corresponding to the 
amount of incident light and accumulating the signal 
charges. The charge transfer part distributes between 
at least two systems (7,8) the signal charge stored at 



/ CCD image sensor 



one light-receiving portion part of the sensor and trans- 
ferring the signal charge using different numbers of 
stages. The plurality of charge/voltage converters de- 
tect and convert into voltages the signal charges of the 
at least two systems transferred by the charge transfer 
part. The comparator carries out a level conversion on 
each of the outputs of the plurality of charge/voltage 
converters and the detector detects the level transition 
point o1 the comparator output signal and generates a 
binary signal. 
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